UDDEN death from cardiac causes, often due to ventricular fibrillation, claims at least 250,000 persons annually in the United States. 1, 2 The American Heart Association guidelines for advanced cardiac life support state that antiarrhythmic medications are "acceptable, probably helpful" for the treatment of ventricular fibrillation or pulseless ventricular tachycardia that persists after three or more shocks from an external defibrillator (often called "shock-refractory" ventricular fibrillation or tachycardia). 3 This guarded recommendation reflects the limited evidence supporting the use of these agents, none of which have been convincingly demonstrated to improve the success of attempted resuscitation after cardiac arrest. [4] [5] [6] We conducted a randomized clinical trial to determine the efficacy of intravenous amiodarone in patients with out-of-hospital cardiac arrest due to shock-refractory ventricular fibrillation or tachycardia.
METHODS
The study was conducted in Seattle and suburban King County, Washington. This region has more than 1.5 million residents and is served by 21 paramedic base stations and 15 hospitals, all of which participated in the trial. Seattle and King County have similar multitiered prehospital emergency-response systems that follow treatment protocols written in accordance with American Heart Association guidelines for advanced cardiac life support. 7 
Protocol
Victims of cardiac arrest were initially treated by fire-department personnel (first responders), who initiated basic life-support measures, including the delivery of shocks by an automated external defibrillator. When paramedics arrived, they provided advanced life-support measures. Adults with nontraumatic out-ofhospital cardiac arrest were eligible for inclusion in the study if ventricular fibrillation or pulseless ventricular tachycardia (on initial presentation or any time in the course of the resuscitation attempt) was present after three or more precordial shocks had been given, if intravenous access had been established, and if paramedics were on the scene with the study drug or placebo. After tracheal intubation, eligible patients received 1 mg of epinephrine intravenously and were then randomly assigned to receive either 300 mg of amiodarone (Cordarone, Wyeth-Ayerst Laboratories, Philadelphia) or its diluent, polysorbate 80, as placebo.
Amiodarone and placebo were packaged identically in unlabeled, amber-colored, 6-ml glass vials, each bearing an identifying number code, in permutations of blocks of four. When a patient met the enrollment criteria, a vial was broken; the contents were drawn with a large-bore needle into a sterile syringe, where they were diluted with 5 percent dextrose in water to a volume of 20 ml 8 ; and the contents of the syringe were injected rapidly into a peripheral vein that was simultaneously being rapidly infused with 5 percent dextrose in water, while cardiopulmonary resuscitation was being continued. Eligible patients had received three or more precordial shocks, were pulseless, and had ventricular fibrillation or tachycardia at the time of the administration of the drug. Only a single dose of amiodarone or placebo was administered. There were no differences in the further treatment of patients assigned to amiodarone or placebo, including the use of additional antiarrhythmic agents. Resuscitated patients were admitted to any of 15 community hospitals, without disclosure of their treatment assignment or any directives for further management.
Data Recording
All data were collected and analyzed by investigators who had no knowledge of the patients' treatment assignments. Prehospitalization data included a narrative history and detailed sequence of events during resuscitation. Automated external defibrillators with real-time or elapsed-time clocks provided both tracings of the cardiac rhythm and audio recordings of the resuscitation in progress. Rhythms were identified from defibrillator recordings made with use of cutaneous defibrillator patches that approximated a lead II configuration. Ventricular fibrillation was defined as irregular, disorganized ventricular electrical activity of variable amplitude, and ventricular tachycardia as an organized rhythm with a wide QRS interval (»120 msec) without associated P waves, at a rate of more than 150 beats per minute. The amplitude of ventricular fibrillation was measured as previously described. 9 The time of dispatch was defined as the time when the emergencyresponse center ordered emergency personnel to go to the scene of the cardiac arrest. Hospital records were reviewed, and survivors or their family members were interviewed after discharge.
End Points
The primary end point was admission to the hospital with a spontaneously perfusing rhythm. This meant that the patient had a sufficiently stable, organized rhythm and blood pressure (with or without the use of pressor drugs) to be assigned to a hospital bed. Patients who died in the emergency department were not considered to have been admitted. To permit us to assess the primary end point, patients were stratified before receiving amiodarone or placebo according to their initial cardiac-arrest rhythm (ventricular fibrillation, asystole, or pulseless electrical activity) and according to whether there was a transient return of spontaneous circulation, as evidenced by a palpable pulse. The secondary end points were adverse effects, the number of precordial shocks required after the administration of amiodarone or placebo, the total duration of resuscitative efforts, and the need for additional antiarrhythmic drugs. Hypotension and bradycardia were assumed to be present if there was a need for the infusion of vasopressor agents or for chronotropic therapy after spontaneous circulation had been restored. Survival to discharge from the hospital and functional neurologic status at discharge were also evaluated, although the trial, by design, did not have sufficient statistical power to demonstrate differences in these outcomes.
Consent
This study was approved by the Human Subjects Review Committee at the University of Washington, with an exception from informed consent, in compliance with interpretation of the federal policy for the protection of human subjects in place at that time. 10 Data were reviewed on three scheduled occasions by an independent data safety and monitoring board, which supplied interim reports to the Food and Drug Administration and the Human Subjects Review Committee. All survivors or their families were later informed of their participation in this study, and consent was obtained for a review of their hospital records. Access to the records of patients who did not survive was provided under the terms of a confidentiality agreement between the investigators and the Human Subjects Review Committee.
Statistical Analysis
The rate of survival to hospital admission after out-of-hospital cardiac arrest due to ventricular fibrillation in Seattle and King County ranges from 50 percent to 65 percent, but it was expected to fall between 15 percent and 40 percent in subgroups of patients with shock-refractory arrhythmias. 11, 12 We estimated that 500 patients would be needed for the study to have the power to detect a 30 percent improvement in the proportion of patients surviving to admission to the hospital after initial or subsequent ventricular fibrillation or tachycardia, with a two-sided alpha of 0.05 and a beta of 0.80.
Differences in continuous and dichotomous variables were analyzed with use of Student's t-test, the chi-square test, or the Mann-Whitney test. Clinical end points were also examined by logistic-regression analysis to account for base-line differences and adjust for the effects of confounding and interactions between the variables that characterized patients and their treatment before assignment to amiodarone or placebo. Selection of the appropriate multivariate model was confirmed by the goodness-of-fit chisquare (Hosmer-Lemeshow) test. Statistical significance was indicated by a P value «0.05. 13 
RESULTS
Between November 1994 and February 1997, 3954 consecutive patients were treated for out-ofhospital cardiac arrest from any cause in Seattle and King County and were considered for enrollment in the trial; 3260 of these did not meet the eligibility criteria and did not undergo randomization.
Deviations from the Protocol
Because of the rapidly changing circumstances of resuscitation, a patient's eligibility for the study could change after the inclusion criteria had originally been met. Of the 667 consecutive patients who initially met the study criteria, 160 were not treated with amiodarone or placebo because of spontaneous conversion of their arrhythmia, technical problems, or protocol violations. Moreover, an additional 27 recipients of amiodarone or placebo were discovered, in fact, to be ineligible for the study.
The clinical characteristics of the 27 ineligible patients who were treated and the 160 who were eligible but untreated were similar to those of the eligible, treated patients. As might be expected, the 27 ineligible patients, who had received amiodarone or placebo before their third shock or after a pulse had already been restored, had a higher rate of admission to the hospital (19 of 27, or 70 percent) than the eligible, treated patients (200 of 507, or 39 percent; P=0.003). Sixty-nine of the 160 eligible but untreated patients (43 percent) survived until admission to the hospital, a proportion that did not differ significantly from the proportion of treated, eligible patients who survived until admission to the hospital. The treatment assignment of 3 of the 507 treated, eligible patients was not known (the empty drug vials were lost after use). These three patients were excluded from the analysis; however, the statistical conclusions were the same whether all three were considered to have received amiodarone or all three were considered to have received placebo.
Study Patients
After the exclusions just described, 246 eligible, treated patients (49 percent) were assigned to amiodarone and 258 (51 percent) to placebo, for a total of 504 patients. The treatment groups had similar clinical profiles (Table 1 ). In 84 percent of patients, the first documented arrhythmia was ventricular fibrillation (including one case of pulseless ventricular tachycardia). In the remaining 16 percent, initial asystole or pulseless electrical activity evolved to ventricular fibrillation during resuscitation. At the actual time of study-drug administration, 88 percent of the patients had ventricular fibrillation and 7 percent had pulseless ventricular tachycardia. In 5 percent (23 patients), the pulseless rhythm was not documented, was ventricular tachycardia at a rate of 150 beats per minute or less, or could have been considered asystole or small-amplitude ventricular fibrillation (<0.1 mV). The clinical characteristics and outcomes of these 23 patients were similar to those of patients in whom *Plus-minus values are means ±SD; medians are given in parentheses. †Data were available for 213 amiodarone recipients and 228 placebo recipients. ‡Data were available for 216 amiodarone recipients and 228 placebo recipients. §Data were available for 223 amiodarone recipients and 236 placebo recipients. ¶Data were available for 229 amiodarone recipients and 233 placebo recipients.
¿The values in parentheses are medians. **Synchronized recordings of the resuscitation provided the duration of treatment for approximately half of the patients in both treatment groups. In the remainder, time measurements were incomplete because of technical problems. ventricular fibrillation or tachycardia was more clearly documented at the time of study-drug administration.
Characteristics before Study-Drug Administration
An average of five shocks were delivered before the administration of amiodarone or placebo (Table  2 ). More patients in the placebo group had been treated previously for bradycardia or arrhythmias, but these patients were otherwise similar to amiodarone recipients (Table 2 ). There were no differences between the treatment groups in the time from dispatch until the arrival of the first responders or the paramedics or until the performance of various resuscitation procedures (Table 1 ). The time from dispatch to the administration of amiodarone or placebo was long (>20 minutes).
Intermediate Outcomes
Among the patients receiving amiodarone, as compared with those receiving placebo, there was a slight reduction in the duration of resuscitation, the number of shocks, and the number of patients needing additional antiarrhythmic drugs for persistent ventricular tachyarrhythmias before arrival at the hospi-*Plus-minus values are means ±SD, with the median in parentheses. The use of antiarrhythmic medications was defined as prophylactic if they were given with the intention of maintaining an established perfusing rhythm and therapeutic if they were given for ongoing or recurrent ventricular fibrillation or tachycardia. Prophylactic lidocaine was permitted, whereas treatment with antiarrhythmic medications for persistent ventricular fibrillation or tachycardia before randomization was considered a protocol violation. †The total duration was the interval from placement of an automated external defibrillator to the time when successfully resuscitated patients were ready for transport to the hospital; the interval was measured in 98 patients assigned to amiodarone and 76 assigned to placebo. ‡Data are for 138 amiodarone recipients and 121 placebo recipients who were successfully resuscitated and transported to the hospital (including 62 patients who died before admission). §Data are for 153 amiodarone recipients and 145 placebo recipients who had either a transient or a sustained return of spontaneous circulation. ¶Data are for patients who had pulses and a recorded blood pressure on arrival at the hospital (systolic, 105 amiodarone recipients and 81 placebo recipients; diastolic, 80 amiodarone recipients and 64 placebo recipients). ¿Data are for 107 amiodarone recipients and 82 placebo recipients who had pulses and a recorded heart rate on arrival at the hospital. **Data are for 109 amiodarone recipients and 82 placebo recipients who had pulses and in whom a rhythm was characterized on arrival at the hospital.
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A SSIGNMENT tal, but these differences were not significant ( Table  2) . Among the 298 patients who had a return of spontaneous circulation, recipients of amiodarone were more likely to require treatment for hypotension or bradycardia than recipients of placebo. Among the patients who had pulses on arrival at the hospital, the mean heart rate and blood pressure were lower in amiodarone recipients, but rhythms were similar in the two treatment groups (Table 2) .
Survival until Admission to the Hospital
Of the 504 patients, 197 (39 percent) survived to be admitted to the hospital. Recipients of amiodarone were more likely to be resuscitated and admitted to the hospital than were recipients of placebo (44 percent and 34 percent, respectively; P=0.03), for a relative improvement of 29 percent (Fig. 1) . After adjustment for other independent predictors of outcome (location of the cardiac arrest, presence or absence of bradycardia or hypotension before the administration of amiodarone or placebo, response time for paramedics, initial rhythm, presence or absence of transient return of spontaneous circulation during the resuscitation attempt, previous treatment with other antiarrhythmic drugs, and sex; P<0.001 to P=0.09), the odds ratio for survival to admission to the hospital in recipients of amiodarone, as compared with recipients of placebo, was 1.6 (95 percent confidence interval, 1.1 to 2.4; P=0.02), which was similar to the unadjusted odds ratio of 1.5 (95 percent confidence interval, 1.04 to 2.1; P=0.03).
Among the 221 patients with witnessed cardiac arrests for whom the interval from dispatch to studydrug administration was known, there was no significant interaction between this interval and the effect of amiodarone on the rate of admission to the hospital. For all lengths of time to treatment, whether the interval was analyzed as a continuous variable or according to quartiles (as in Fig. 2) , amiodarone recipients were more likely to survive to be admitted to the hospital than those who received placebo (P=0.008 by the Mantel-Haenszel chi-square test).
Subgroup Analyses
Patients whose cardiac arrest was due to ventricular fibrillation were more likely to survive to be admitted to the hospital than those whose initial rhythm was asystole or pulseless electrical activity (44 percent vs. 14 percent; adjusted odds ratio, 5.2; 95 percent confidence interval, 2.5 to 10.6; P<0.001). In addition, patients with a transient return of spontaneous circulation were more likely to survive to be admitted than those who remained pulseless before receiving amiodarone or placebo (53 percent vs. 30 percent; adjusted odds ratio, 2.7; 95 percent confidence interval, 1.7 to 4.5; P<0.001). A multivariate test of interaction showed no significant differences in the response to treatment with amiodarone with respect to either the initial cardiac-arrest rhythm or the presence or absence of a transient return of pulses before study-drug administration, suggesting that the benefit associated with amiodarone was essentially the same among these subgroups (Fig. 1) .
Women tended to have better outcomes after cardiac arrest than men: 49 of 114 women (43 percent) and 148 of 390 men (38 percent) survived to be ad- mitted to the hospital (adjusted odds ratio, 1.6; 95 percent confidence interval, 0.97 to 2.6; P=0.06). The effect of amiodarone was also significantly modified by sex, independently of age or the other pretreatment variables listed in Tables 1 and 2 . Women treated with amiodarone were more likely than women receiving placebo to survive to be admitted to the hospital (adjusted odds ratio, 4.3; 95 percent confidence interval, 1.03 to 17.8). Among men, the comparable adjusted odds ratio was 1.2 (95 percent confidence interval, 0.8 to 1.9). The interaction between treatment with amiodarone and sex was significant (P=0.008).
Patients who had received an antiarrhythmic medication to treat ventricular fibrillation or tachycardia before receiving the study drug were more likely than those who had not received such medication to survive to be admitted to the hospital (45 percent vs. 37 percent; adjusted odds ratio, 1.8; 95 percent confidence interval, 1.1 to 2.8; P=0.02). However, a multivariate test of interaction found no significant differences in the effect of amiodarone with respect to either previous or subsequent treatment with antiarrhythmic medications, suggesting an equivalent benefit of amiodarone regardless of the use of additional antiarrhythmic drugs.
Survival after Hospital Admission
Blinding was maintained throughout hospitalization, but the treatment of patients after their arrival at the hospital was not standardized. Of the 504 study patients, 67 (13 percent) were discharged alive from the hospital. Of the remaining 130 patients who were admitted to the hospital, 13 patients awakened, and 117 (90 percent) never regained consciousness. In these patients, the identifiable contributing causes of death were cardiovascular in 35 percent, respiratory in 30 percent, and multifactorial or unspecified in the remainder, and the causes of death did not significantly differ between treatment groups.
The proportion of patients who survived until discharge from the hospital did not differ significantly in the amiodarone and placebo groups, regardless of whether the analysis included all treated patients (13.4 percent [33 of 246] and 13.2 percent [34 of 258], respectively), only patients whose presenting arrhythmia was ventricular fibrillation (16 percent and 15 percent), or only those who had a transient return of pulses before treatment (24 percent and 15 percent). More than half of the 67 patients discharged alive after treatment with amiodarone or placebo, all after lengthy resuscitation, resumed independent living activities or returned to their former employment (55 percent [18 of 33] in the amiodarone group and 50 percent [17 of 34] in the placebo group).
DISCUSSION
Although they are considered the standard of care in the United States, the benefit of antiarrhythmic agents has not been established in clinical trials or universally accepted as an essential component of treatment algorithms for cardiac arrest refractory to defibrillation. 4 Paradoxically, most antiarrhythmic medications increase the defibrillation threshold and, in theory, make defibrillation more difficult. [14] [15] [16] [17] [18] [19] In a study involving historical controls, lidocaine appeared to improve the success of resuscitation, 20 but it had no effect 21 or worsened the outcome 22, 23 in other studies. Bretylium has been shown to be as effective as lidocaine, 24, 25 but not necessarily better than placebo 26 for treating ventricular fibrillation. Use of procainamide for cardiac arrest is supported by observational data in only 20 recipients. 27 Two recent prospective trials showed no benefit of magnesium during resuscitation. 28, 29 As compared with placebo, amiodarone significantly and independently improved the rate of survival to admission to the hospital after shock-refractory cardiac arrest. A benefit was consistently observed in all major subgroups, regardless of the presenting cardiac-arrest rhythm or whether or not there was a transient return of pulse before treatment, and even when amiodarone was administered late in the course of resuscitation.
Women were more likely to be resuscitated than men, particularly when treated with amiodarone. The difference between men and women in the effectiveness of amiodarone could be due to a greater sensitivity to antiarrhythmic drugs in women 30 or to a higher dose of amiodarone in proportion to body weight in women, since a standard dose of 300 mg of amiodarone was given in this study. Earlier studies found that collapse in a public place, initial ventricular fibrillation, shorter intervals to the initiation of basic and advanced life-support measures, and female sex were independently associated with increased rates of survival to hospital admission after out-ofhospital cardiac arrest. 23, 27, 31, 32 In this clinical trial, we have demonstrated the independent benefit of a specific pharmacologic intervention (amiodarone) in improving the rate of success of resuscitation.
Hypotension and bradycardia are expected adverse effects of intravenous amiodarone. 33 In animals, bradycardia has been attributed to the electrophysiologic effects of amiodarone itself and hypotension to its diluent, polysorbate 80. 34 Whether the hemodynamic effects of polysorbate 80 are as pronounced or as clinically significant in humans is controversial. [35] [36] [37] The hypotension and bradycardia associated with amiodarone were managed with fluids and inotropic or chronotropic drugs and did not offset the overall benefit of amiodarone.
In interpreting our findings, one should consider factors that may have affected the outcome. The diluent was used as a placebo in this study. Although hemodynamic derangements were less common after the administration of placebo than after amiodarone, it is possible that the diluent aggravated hypotension and bradycardia. The incidence and magnitude of these effects could also have been blunted by the previous administration of epinephrine.
The dose of amiodarone we selected was our best estimate of the maximal single dose with therapeutic efficacy and an acceptable level of adverse effects. 38 Although previous studies found greater efficacy when higher doses of amiodarone were infused over longer periods, 33,39 the need to maintain the blinding with respect to treatment assignment throughout the trial precluded the use of additional doses or a continuous infusion of amiodarone. Amiodarone was administered peripherally during ongoing cardiopulmonary resuscitation, under conditions that could have compromised the concentration achieved in the central circulation and its therapeutic effect. 40, 41 Amiodarone was administered relatively late in the course of the resuscitation attempt, when significant end-organ damage had probably already resulted from prolonged hypoperfusion. For these reasons, the potential benefit of treatment could have been underestimated. Finally, the treatment of patients after hospitalization was not standardized, nor did we evaluate the effect of care given in the hospital on survival.
The mechanisms by which amiodarone exerted its salutary effect were not addressed in this study. Pharmacologic defibrillation was not observed, implying that amiodarone acted primarily to prevent the recurrence of ventricular fibrillation, perhaps by stabilizing its electrophysiologic substrate.
The salient observation in this study is that adding amiodarone to advanced cardiac life-support measures resulted in a net benefit: 1 of every 10 patients treated survived to admission to the hospital. This result does not imply that amiodarone is superior to other antiarrhythmic agents or that pharmacologic therapy is a substitute for expeditious defibrillation. 42 Whether the benefits observed in this trial extend to survival to discharge from the hospital merits further investigation.
